INTRODUCTION
Under normal conditions of growth, riboflavin is synthesized by all higher plants and is utilized as a prosthetic group by various flavoprotein enzymes (12) . Pound and Welkie (11) observed the presence of a yellow pigment in the nutrient solution of tobacco plants grown in the absence of iron. Physical and chemical tests indicated that the pigment was riboflavin, and it was suggested that the deficiency of iron interferes with the utilization of the riboflavin as a prosthetic group of flavoprotein enzymes, which results in the accumulation of riboflavin in the plant and excretion by the roots. Increased synthesis of riboflavin by yeast (Candida quilliermiondia) grown under conditions of low iron nutrition has been reported by Tanner et al (16) and Burkholder (2) .
This research was initiated to investigate further the relation of iron nutrition and flavin concentration in tobacco plants. The volumes of water-saturated toluene. An aliquot of the aqueous layer was then assayed fluorometricallv for riboflavin (1) . FMN was calculated by subtracting FAD and free riboflavin from total riboflavin (1) . The above procedure proved reliable when known concentrations of FMN, FAD, and riboflavin were assayed.
Riboflavin in the nutrient solution was determined fluorometrically (1) and identified by paper chromatography on Whatman No. 3 paper with a solvent of n-butanol-water-acetic acid, 5-4-1 (3).
CULTURAL TECHNIQUES: Tobacco seeds were germinated in Vermiculite and the seedlings transferred to a medium of expanded pumice, which was irrigated daily with Hoagland's nutrient solution. After two to three weeks the plants were transferred to polyethylene gallon pots containing Hoagland's nutrient solution minus iron. The normal requirement of iron (4 ppm) was added to some pots which served as controls. All major salts were purified (15) to remove heavy metals and distilled water was run through a mineral deionizer to eliminate iron contamination in the nutrient solution. Solutions were adjusted daily to pH1 5.5 with NaOH and HCl. The nutrient cultures were light-free and well aerated. ENZYME PREPARATION: A crude extract was prepared using the youngest fully-expanded leaves from tobacco. Two grams of leaf tissue was ground with 10 ml 0.05 M Tris (hydroxymethyl aminomethane) buffer at pH 7.4 in a mortar and then homogenized in a Ten Broeck homogenizer. The material was centrifuged at 25,000 X G for 15 minutes and the supernatant used as the enzyme extract. All preparations were carried on at 1 to 30 C. This crude extract was used for enzyme assays in both nitrate reductase and cytochrome reductase studies and contained from 4 to 8 mg protein per ml (7) . ENZYME ASSAYS: Nitrate reductase activity was determined by colorimetric determination (14) of the nitrite formed in 20 minutes at 280 C. The reaction mixture in a final volume of 0.5 ml contained the following constituents in An moles (5) 
EXPERIMENTAL RESULTS
The iron nutrition of tobacco plants influences the amounts of riboflavin detected with time in nutrient solutions (fig 1) . The low riboflavin content detected in the control solutions after 4 days plant growth remained unchanged with time, whereas the riboflavin content of the iron-deficient nutrient solutions progressively increased from 4 days until it reached a maximum at 14 days. Fourteen days after initiation of the experiment, the control nutrient solution contained 0.3 X 10-3 Ag/ml riboflavin and the iron-deficient nutrient solution contained 249 X 10-3 jLg/ml riboflavin.
Adding a full complement of iron to iron-deficient nutrient cultures at a time when chlorosis was perceptible in the tip leaves and riboflavin was rapidly accumulating in the nutrient solution, resulted in a decrease in the riboflavin content in the nutrient solution with continued growth of the plants (fig 2) . The presence of iron in the nutrient solution did not result in immediate decrease of the riboflavin. At the time iron was added the riboflavin content was 162 x 10-g ig/ml. Within 24 hours the nutrient solution contained 237 X 10-3 /.g/ml riboflavin after which the level of riboflavin rapidly decreased until it reached the low level of 11 X 10-3 Ag/ml 48 hours after adding iron. The riboflavin in the iron-deficient cultures continued to increase during this same period. When plants were removed from iron-deficient nutrient solutions containing riboflavin and iron added, no change in the riboflavin content of the solution occurred. Adding iron (4 ppm) to pure solutions of riboflavin also had no effect on the measurable amount of riboflavin in solution.
The disappearance of riboflavin from nutrient solutions containing iron was studied in relation to normal plants. When concentrations of 220 X 10-3 i&g/ml riboflavin were placed in nutrient solutions supporting actively-growing plants, the riboflavin content was reduced to 0.3 X 10-3 Ag/ml within 48 hours. If, however, the leaves were removed from plants and the roots allowed to remain in normal nutrient solution containing 275 x 10-3 ig/ml riboflavin The concentration of total riboflavin in various tissues of an iron-deficient, chlorotic plant was determined. The concentration of riboflavin was high in all leaves of the iron-deficient plant, which included the extremely chlorotic apical leaves and the non-chlorotic, basal leaves (table IV) . The youngest, fully-expanded leaves, which were partially chlorotic, contained a significantly greater amount of riboflavin than any of the other leaves or plant tissues. The stem contained only about one per cent the amount of riboflavin found in the leaves; however, the roots contained about the same as that found in the leaves.
DISCUSSION
The results clearly indicate that tobacco grown in nutrient solution sufficiently low in iron to induce chlorosis resulted in the excretion of large amounts of riboflavin. It is also of some significance that riboflavin could be detected in small quantities (0.3 X 10-3 g/ml in nutrient solution containing the normal requirement of iron after tobacco plants were allowed to grow in these solutions for as short a time as 4 days. The concentration of riboflavin in the complete solutions did not, however, increase with ject to photolytic degradation it is possible that much of that which is synthesized within the leaves normally is subject to photolytic degradation. The increased concentration of riboflavin in iron-deficient leaves may be due to reduced degradation, the rate of which is possibly dependent upon the level of iron in the leaves. W0fith respect to this hypothesis, it is of some interest that Sakai (13) reported the acceleration of aerobic photolysis of riboflavin by iron compounds.
Nitrate reductase activity was not appreciably effected by low iron or increases in FMN and free riboflavin. Evans (5) (8) reported that FAD at 10-4 M and riboflavin at 10-3 M completely inhibited the enzymatic activity of cytochrome reductase from heart muscle. FMN showed 50 per cent inhibition at 10--3 M. The levels of FMN and riboflavin in irondeficient leaves were within the range of concentrations that inhibit cytochrome reductase activity.
It is possible that the increase in total riboflavin in iron-deficient plants contributes to additional metabolic disturbances associated with chlorosis, such as factors influencing growth. Growth substances such as indoleacetic acid and other compounds containing the indole nucleus are rapidly destroyed by a riboflavin-catalyzed photo-oxidation (6) . Destruc LITERATIURE CITED
